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Figure 1A 
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Figure 6 
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TRANSMISSION OF AUDIO SIGNALS VA 
FBRE OPTC 

CROSS REFERENCE TO PRIORITY 
APPLICATIONS 

0001. This application is a US national stage entry from 
PCT/GB2006/050285 filed on Sep. 12, 2006, and through 
that PCT application claims priority to GB 0518657.2 (filed 
Sep. 13, 2005) and GB 0602041.6 (filed Feb. 1, 2006). 

FIELD OF THE INVENTION 

0002 This invention relates to handling audio signals. 

BACKGROUND 

0003. In a concert environment, it is usual to connect 
Sound sources, including guitars and microphones, to ampli 
fication equipment with shielded electrical cables. Such 
cables have a copper core and a metallic shield separated by 
an insulating material. At each end, ajack or plug, typically 4 
inch (0.635 cm) diameter, allows both the copper core and the 
shielding of the cable to be electrically connected to elec 
tronic circuitry in the relevant electrical equipment. Signals 
are carried from the sound source in the same form in which 
they are generated, i.e. as analogue signals in the audible 
frequency range 20Hz to 20 kHz. In a studio environment, the 
same type of cable connects Sound sources to mixing desk 
equipment. Cables used in concert environments can be over 
10 m long, although shorter cables tend to be used in studio 
environments. 
0004 Such cables can become internally damaged during 
use, especially when being used in an on-stage environment, 
although they may appear externally to be undamaged. Dam 
aged cables cause a reduction in the quality of signals being 
carried, often resulting in unwanted distortion or other deg 
radation of the audio signals. If the core of the cable becomes 
fractured, the cable can stop functioning altogether, although 
signal deterioration is more common. The inventor considers 
that signal degradation might result from fractures in the core 
and/or shielding and/or from damage to the insulating mate 
rial separating the core from the shielding resulting in 
unwanted inductances and/or capacitances, which can cause 
unwanted resonance and/or filtering when Supplied with 
energy in the form of the audio signals being carried. 
0005. The effects of cable damage can be avoided through 
the use of radio links between the sound source and the 
mixing desk or amplification equipment. Radio microphones 
are well known. However, the possibility of radio interference 
means that digital communication links are more reliable. 
However, musicians and Sound producers prefer audio sig 
nals not to be digitised at any point in their transmission since 
this necessarily results in a reduction in quality, as well as a 
less pure sound. 

SUMMARY 

0006. It is an aim of the present invention to mitigate the 
above-mentioned disadvantages. 
0007 According to a first aspect of the present invention 
there is provided an audio signal communication system 
comprising: 

0008 means for receiving an analogue electrical signal 
having content between 20 Hz and 20 kHz representing 
an analogue audio signal; 
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0009 means for amplitude modulating the analogue 
electrical signal onto an optical signal; 

0010) means for transmitting the modulated optical sig 
nal over an optical waveguide; 

0.011 means for receiving the modulated optical signal; 
and 

0012 means for demodulating the modulated optical 
signal to produce an analogue electrical signal having 
audio signal content between 20 Hz and 20 kHz. 

0013 By amplitude modulating the audio signals onto an 
optical signal for transmission, the invention avoids the need 
to digitise the signals, thereby retaining signal quality and 
purity, whilst eliminating the possibility of the audio signals 
being Subjected to unwanted capacitances and inductances 
during communication. 
0014. The modulated optical signal preferably comprises 
an optical carrier with amplitude modulations at between 20 
HZ and 20 kHz, the amplitude modulations having direct 
correspondence with the audio signals. This allows a simple 
arrangement to be used with minimum possibility for the 
introduction of signal distortion. 
0015 The means for amplitude modulating may comprise 
a semiconductor circuit arranged to apply a modulating signal 
to a light source, such as a light emitting diode. The semicon 
ductor circuit could be a transistor based amplifier, Such as an 
operational amplifier. 
0016. The means for receiving the analogue electrical sig 
nal and the means for amplitude modulating may be inte 
grated into a device having an electrical connector formating 
with a sound source. This allows the invention to be used 
without requiring modified Sound source equipment. Alter 
natively, the means for receiving the analogue electrical sig 
nal and the means for amplitude modulating may be inte 
grated into a device comprising a sound Source. 
0017. The means for receiving the modulated optical sig 
nal and the means for demodulating may be integrated into a 
device having an electrical connector for mating with an 
audio signal receiving device. This allows the invention to be 
used without requiring modified Sound processing/recording 
equipment. Alternatively, the means for receiving the modu 
lated optical signal and the means for demodulating may be 
integrated into an audio signal receiving device. This avoids 
the need for a separate power Supply. 
0018. The invention also provides a cable arrangement 
comprising first and second devices connected by an optical 
waveguide, 

0.019 the first device comprising: 
0020 means for receiving an analogue electrical sig 
nal having content between 20 Hz and 20 kHz repre 
Senting an analogue audio signal; 

0021 means for amplitude modulating the analogue 
electrical signal onto an optical signal; and 

0022 an electrical connector formating with a sound 
Source: 

0023 the optical waveguide being arranged to carry the 
modulated optical signal to the second device; and 

0024 the second device comprising: 
0025 means for receiving the modulated optical sig 
nal; 

0026 means for demodulating the modulated optical 
signal to produce an analogue electrical signal having 
audio signal content between 20 Hz and 20 kHz; and 

0027 an electrical connector for mating with an 
audio signal receiving device. 
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0028. The invention also provides apparatus for commu 
nicating an audio signal, the apparatus comprising: 

0029 means for receiving an analogue electrical signal 
having content between 20 Hz and 20 kHz representing 
an analogue audio signal; and 

0030) means for amplitude modulating the analogue 
electrical signal onto an optical carrier and for transmit 
ting the modulated optical signal. 

0031. The invention further provides apparatus for provid 
ing an audio signal, the apparatus comprising: 

0032 means for receiving an amplitude modulated 
optical signal; and 

0033 means for demodulating the modulated optical 
signal to produce an analogue electrical signal having 
audio signal content between 20 Hz and 20 kHz. 

0034. A method of communicating audio signals accord 
ing to the invention comprises: 

0035 receiving an analogue electrical signal having 
content between 20 Hz, and 20 kHz representing an 
analogue audio signal; 

0036 amplitude modulating the analogue electrical sig 
nal onto an optical signal; 

0037 transmitting the modulated optical signal over an 
optical waveguide; 

0038 receiving the transmitted modulated optical sig 
nal; and 

0039 demodulating the received modulated optical sig 
nal to produce an analogue electrical signal having con 
tent between 20 HZ and 20 kHz. 

0040 Another method of communicating audio signals 
according to the invention comprises: 

0041 receiving an analogue electrical signal having 
content between 20 Hz, and 20 kHz representing an 
analogue audio signal; and 

0042 amplitude modulating the analogue electrical sig 
nal onto an optical signal for transmission. 

0043. A method of providing an audio signal according to 
the invention comprises: 

0044 receiving an amplitude modulated optical signal; 
and 

0045 demodulating the received modulated optical sig 
nal to produce an analogue electrical signal having con 
tent between 20 HZ and 20 kHz. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046 Embodiments of the invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which: 
0047 FIG. 1A is a schematic drawing of circuitry used to 
provide an amplitude modulated optical signal from an elec 
trical audio signal, according to certain aspects of the inven 
tion; 
0048 FIG. 1B is a schematic drawing of alternative cir 
cuitry used to provide an amplitude modulated optical signal 
from an electrical audio signal, according to certain aspects of 
the invention; 
0049 FIG. 2 is a schematic drawing of circuitry used to 
provide an electrical audio signal from an amplitude modu 
lated optical signal, according to certain aspects of the inven 
tion; 
0050 FIG. 3 is a schematic diagram of a system compris 
ing a further embodiment of a transmitter circuit in accor 
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dance with aspects of the invention and a further embodiment 
of a receiving circuit in accordance with aspects of the inven 
tion; 
0051 FIG. 4 is a schematic drawing of an audio signal 
communication cable embodying the invention; 
0.052 FIG. 5 is a schematic diagram illustrating compo 
nents of a system embodying aspects of the invention; 
0053 FIG. 6 is a schematic drawing of a guitar including 
the FIG. 1A or FIG. 1B circuitry and embodying the inven 
tion; 
0054 FIG. 7 is a schematic drawing of a microphone 
including the FIG. 1A or FIG.1B circuitry and embodying the 
invention; 
0055 FIG. 8 is a schematic drawing of a mixing desk or 
alternative amplification equipment including the FIG. 2 cir 
cuitry and embodying the invention; 
0056 FIG. 9 is a schematic diagram of a system compris 
ing a further embodiment of a transmitter circuit in accor 
dance with aspects of the invention and a further embodiment 
of a receiving circuit in accordance with aspects of the inven 
tion; 
0057 FIG. 10 is a schematic drawing of a further embodi 
ment of a transmit circuit in accordance with aspects of the 
invention; and 
0.058 FIG. 11 is a schematic drawing of a further embodi 
ment of a receiver circuit in accordance with aspects of the 
invention. 

DETAILED DESCRIPTION 

0059 Referring to FIG. 1A, circuitry comprises a signal 
conversion and modulation arrangement based around a 741 
operational amplifier (op-amp) IC1. First and second poten 
tial divider resistors R2, R3 form a potential divider between 
Vcc and ground potential. A capacitor C2 is connected in 
parallel across the ground-connected potential divider resis 
tor R3. The capacitor C2 acts as a power buffer. It stabilises 
the linearity of the power supply. The mid-point of the poten 
tial divider is connected directly to a non-inverting input of 
the op-amp IC1. An inverting input of the op-amp IC1 is 
connected to receive a single-ended input signal via an input 
circuit comprising a first input resistor R6, an input capacitor 
C1 and a second input resistor R1 connected in series. A 
feedback resistor R4 is connected between a high impedance 
output of the op-amp IC1 and the inverting input thereof. The 
op-amp is powered by connections to Vcc and ground poten 
tial. 
0060. As a result, the op-amp IC1 produces an output 
signal having a centre Voltage determined by the values of the 
potential divider resistors R2, R3 and the value of Vcc and 
varying with the varying input signal with a gain dependent 
on the value of the feedback resistor R4. 
0061 The output of the op-amp IC1 is connected through 
an output resistor R9 and a series-connected light emitting 
diode (LED) LED to ground potential. This arrangement 
ensures that the LED is provided with a voltage above the 
0.7V diode drop voltage to approximately half of its working 
Voltage threshold. For instance, the Voltage applied to the 
LED (that is, the voltage across the output resistor R9) may be 
5V or SO. 
0062 An electrical signal received at the input circuit is dc 
blocked by the input capacitor C1 and received at the op-amp 
IC1. The op-amp IC1 provides an amplified version of the 
input signal, although typically the gain is low so relatively 
little amplification is provided, to the LED via the output 
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resistor R9. Fluctuations in the input signal result in corre 
sponding fluctuations in the current flowing through the LED, 
which results in a corresponding fluctuation in the intensity of 
light produced thereby. Thus, the LED produces an optical 
signal with a brightness or intensity varying with the ampli 
tude of the input signal. Put another way, the received elec 
trical signal is amplitude modulated onto an optical signal 
produced by the LED. Moreover, if the amplification is linear 
and the intensity of the LED varies linearly with applied 
Voltage, then the amplitude modulation of the optical signal is 
a faithful representation of the received electrical analogue 
signal, and signal degradation is minimised and signal purity 
is retained. 

0063. The inventor has found that some models of LED 
are more linear than others, and that there are many LEDs 
available that are highly linear. However, since LEDs are not 
typically purchased for the linearity of their applied voltage 
Versus output light intensity characteristics, LEDs do not tend 
to be advertised as having the properties which make them 
particularly suitable for use with this invention. 
0.064 FIG. 1B shows a circuit which is alternative to the 
FIG. 1A circuit and constitutes a second embodiment. Here, 
a 741 operational amplifier IC3 is powered by connections to 
Vcc and ground rails. A circuit input is connected to a non 
inverting input of the op-amp IC3 by an input resistor R14 and 
a dc blocking capacitor C8 connected in series. The dc block 
ing capacitor C8 is closest to the op-amp IC3. The node 
between the input resistor R14 and the dc blocking capacitor 
C8 is connected to ground by a grounding capacitor C6 and a 
grounding resistor R17 connected in parallel. An inverting 
input of the op-amp IC3 is connected an output of the op-amp 
by a feedback resistor R19 and is connected to ground poten 
tial by a second grounding resistor R18 and a second ground 
ing capacitor C7 connected in series. A divider is formed 
between Vcc and ground by a resistor R14, which is con 
nected directly to Vcc, and a Zener diode ZD1 and a capacitor 
C9, which are connected in parallel to each other and to 
ground. The node between the resistor R14 and the other 
components of the divider is connected to the non-inverting 
input of the op-amp IC3 by a further resistor R16. The Zener 
diode ZD1 biases the op-amp IC3 to about 4 Volts. This 
allows continued operation even when Supply Voltage falls 
significantly below 12 Volts. The FIG. 1b circuit has a high 
input impedance so is particularly Suitable for use with gui 
tars and the like. Operation of the circuit will be apparent to 
the skilled person so is not described in detail here. 
0065 Referring now to FIG.2, a receiving circuit is shown 
based around a 741 op-amp IC2. The op-amp IC2 is powered 
by connections to Vcc and ground potential. A non-inverting 
input of the op-amp IC2 is connected to the mid-point of a first 
potential divider formed by first and second potential divider 
resistors R11, R12 connected in series between Vcc and 
ground potential. A first capacitor C4 is connected across the 
ground-connected second potential divider resistor R12. The 
capacitor C4 acts as a power buffer. It stabilises the linearity 
of the power Supply. 
0066 An input circuit comprises a second potential 
divider formed from third and fourth potential divider resis 
tors R7. R5 connected between Vcc and ground potential, a 
photodiode T2 connected across the ground-connected fourth 
potential divider resistor R5, and a dc blocking capacitor C5 
connected between the mid-point of the second potential 
divider and an inverting input of the op-amp IC2. The photo 
diode T2 is arranged to receive the optical signal produced by 
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the LED of FIG. 1A or FIG. 1B, which has an audio signal 
amplitude modulated onto it. The photodiode T2 may take 
any suitable form, and may for instance be a PIN photodiode. 
Transmission of the optical signal typically occurs through an 
optical fibre cable. 
0067. A feedback resistor R10 is connected between an 
output of the op-amp IC2 and the inverting input thereof, to 
control the gain of the op-amp. A double-ended electrical 
output is provided by a terminal connected to the output of the 
op-amp and a terminal connected to ground potential. A 
capacitor C3 is connected to the output of the op-amp IC2. 
This provides an alternative output, which is dc blocked. 
Which of the output terminals is used depends on the require 
ments of the particular signal receiving device. 
0068. The resistance of the photodiode T2 is determined 
by the intensity of light incident on it. Thus, the resistance of 
the photodiode T2 varies with the modulation on the optical 
signal produced by the LED of FIG. 1A or FIG. 1B. The 
varying resistance of the photodiode T2 is translated into a 
varying voltage by the second potential divider R7, R5.The 
accomponent of this varying Voltage is received at the invert 
ing input of the op-amp IC2 through the input capacitor C5. 
which blocks the dc Voltage. The resulting signal is a high 
impedance signal having an instantaneous Voltage directly 
dependent on the amount of light incident on the photodiode 
T2. 
0069. The varying ac Voltage received at the inverting 
input of the op-amp IC2 is amplified and buffered by the 
op-amp IC2, and the result provided, with reference to ground 
potential, at the high impedance output of the op-amp IC2. 
(0070 Thus, the FIG. 2 circuit receives an amplitude 
modulated optical signal and demodulates and converts it to 
provide analogue electrical audio frequency signals. More 
over, if the amplification is linear and the resistance of the 
photodiode varies linearly with received light intensity, then 
the resulting electrical analogue signal is a faithful represen 
tation of the amplitude modulation present on the received 
optical signal. In this way, signal degradation can be mini 
mised and signal purity retained. 
(0071 Referring now to FIG.3, a further embodiment of a 
transmitter circuit and a further embodiment of a receiving 
circuit are shown. 
(0072. The transmitter circuit (on the left side of FIG. 3) is 
the same as the FIG. 1B circuit except that a transistor TR1 is 
connected to the output of the op-amp IC2 to drive the PIN 
diode. This reduces shot noise at the receiver with more 
power. This is not crucial to the design, but avoids any 
requirement to re-bias the op-amp IC2. The diode LED may 
operate at 10 mA, modulating up to 20 mA and down to 1 mA. 
0073. If an NE5534 op-amp is used as the op-amp IC2, it 

is desirable to include a compensation capacitor CC con 
nected between Vcc and ground potential. 
0074 The receiving circuit (on the right side of FIG. 3) is 
the same as FIG. 2 except that the diode is coupled via 
capacitors. Also, the feedback loop has a small value capaci 
tor C10, which attenuates extraneous high frequency signals 
and prevents oscillation. The output has a coupling capacitor 
(not shown). 
0075 FIG. 4 shows a cable arrangement 30 according to 
various aspects of the invention. A first jack includes a first 
metallic /4 inch plug. 31 and a corresponding body 32. Within 
the body of the first jack is a first device 35 comprising the 
FIG. 1A transmitter circuit, the FIG. 1B transmitter circuit or 
the transmitter circuit of FIG.3 and a 12V battery. The circuit 
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in the device 35 is connected to the first plug. 31 so as to be able 
to receive analogue electrical audio frequency signals applied 
thereto. The LED of the circuit in the first device 35 is 
arranged so as to pass the light that it emits into an end of a 
shielded optical fibre 37. At an opposite end of the optical 
fibre 37, a second device 36 is included in a body of a second 
jack, which includes a second 4 inch plug. 34. The second 
device 36 includes the FIG. 2 circuit or the receiver circuit of 
FIG. 3 and a 12V battery. The photodiode T2 in the second 
device 36 is arranged to receive light transmitted down the 
optical fibre 37. The electrical output of the second device 35 
is provided to the second plug. 34. 
0076. The cable arrangement 30 is used by mating the first 
plug into a signal out socket of a guitar or other Sound source, 
and by mating the second plug 34 into a signal in Socket of a 
mixing desk or amplification device or similar. When the 
guitar is played, analogue electrical audio frequency signals 
are provided to the conductors of the first plug, and thus are 
carried to the input of the transmitter circuit included in the 
first device 35. The first device thus amplitude modulates the 
audio signal onto an optical signal, which is transmitted along 
the optical fibre 37. The amplitude modulated optical signal is 
received at the second device 36, where the amplitude modu 
lation is converted into an electrical analogue audio fre 
quency signal and provided to the conductors of the second 
plug 34 and thus the amplification device mixing desk that it 
is connected to. The signals produced by the audio Source thus 
are carried to the amplification device or mixing desk without 
being digitised and without being transmitted along a 
shielded electrical cable. 

0077. The inventor has constructed prototypes of the FIG. 
4 cable arrangement 30. The prototype used 470S2 resistors 
for resistors R6, R9, 47 kS2 resistors for resistors R2, R3, R11 
and R12, a 1 kS2 resistor for resistor R1, a 68kS2 resistor for 
resistor R7, a 680kS2 resistor for resistor R10, a 33kS2 resistor 
for resistor R5 and a 10kS2 resistor for resistor R4. It also used 
10 uF capacitors for capacitors C1, C5 and C3, and 10 nF 
capacitors for C2 and D4. Low volume 12V batteries were 
used. 

0078. With inexpensive TL071 ICs for the op-amps IC1 
and IC2, transmission signal quality was very high. It is 
expected that quality would be even better with OPA627 or 
other high quality ICs. 
0079. Manual distortion of the prototype optical cable 37 
results in no audible change in signal, since there is no signal 
degradation in the optical cable 37. 
0080 Since current consumption of the FIGS. 1, 2 and 3 
circuits is low, the batteries were able to power their respec 
tive circuits correctly for many hours before requiring 
replacement. 
0081. The cable arrangement 30 suffers some disadvan 
tages compared to the conventional electrical cable arrange 
ment. In particular, a power Supply is needed at each end of 
the cable arrangement, whereas this is not true of the electri 
cal cable. Also, the cable arrangement 30 is unidirectional, 
and can carry audio signals only from the first jack to the 
second jack. As a result of this, the inventor considers that the 
two jacks should be visibly different from one another, for 
instance by the inclusion of arrows indicating the direction of 
signal transmission, or through the use of different patterning 
or colouring. The conventional electrical cable on the other 
hand is bidirectional. 
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I0082 Abreak in the optical cable would normally result in 
the ceasing of incorrect transmission, although Such can also 
occur with conventional electrical cables. 
0083. The inventor has discovered that different audio 
Sources produce different signal Voltages. For instance, an 
electric guitar produces an output signal having a maximum 
Swing of 3 or 4 Volts, whereas certain microphones produce 
only 50 mV or so. Although a cable arrangement optimised 
for use with an electrical guitar functions also with a micro 
phone source, the converse is not true. Also, a cable arrange 
ment capable of handling a relatively small signal Swing, for 
instance 100 mV. is optimised for use with microphone 
Sources and is better able to handle microphone-originating 
signals without degradation. Accordingly, different cable 
arrangements, each optimised for a particular Voltage Swing, 
may provide improved results than a single, all-purpose 
arrangement. 
I0084. Implementation of noise reduction in the system is 
achieved by the arrangement shown in FIG. 5. In the Figure, 
a unidirectional chain is formed by an input buffer 100, a first 
noise reduction element 101, a transmitter 102, a receiver 
103, a second noise reduction element 104 and an output 
buffer 105. The FIG. 5 arrangement may be provided as a 
cable arrangement, like the one shown in FIG.4, or it might be 
system made up of separate components, for instance a trans 
mitter station, a receiverstation and an optical cable. The FIG. 
5 arrangement is described hereafter as a unitary cable 
arrangement. 
I0085. The input buffer 100 impedance matches the input 
Source signal. This helps to maintain signal purity and fidelity. 
The output impedance of a guitar is very high, which is in 
contrast to a line level signal input. A microphone level input 
also has a different impedance value. The input buffer 100 
may be a unity gain op-amp or a small capacitor/resistor 
network. The input buffer may adjust signal amplitude so as 
to provide a desired signal Swing. In this way, the input buffer 
100 allows signal sources having different levels to be used. 
To use the system with a different type of source, a different 
input buffer is needed. 
I0086. The first noise reduction element 101 is optional, 
and if present provides conditioning of the signal prior to 
transmission through the system. This maximizes the avail 
able bandwidth throughout the optical cable in an AM trans 
mission. Whereas an electrical cable carries an electrical sig 
nal regardless of the input dynamic range, the optical system 
of the present invention can be tailored to suit the source with 
which it is to be used. Either different cable arrangements, 
each with a different noise reduction element 101, can be used 
for different sources, or alternatively a noise reduction ele 
ment 101 is controllable having regard to a position of a 
Switch on the cable arrangement (or other input) to vary the 
processing technique effected by the noise reduction element 
101. The processing effected by the noise reduction element 
101 can be any suitable noise reduction or bandwidth maxi 
mising technique. Many Such techniques, using Psychoa 
coustics or Temporal Masking, are known. 
I0087 Noise reduction processing techniques have for 
Some time been used by record player circuits. For instance, 
signals are attenuated from 20 Hz to 1 kHz in a low to high 
ramp and then boosted from 3 kHz upward to 20 kHz. 
Because bass frequencies often dominate dynamic range, 
Such attenuation allows more headroom for the system. 
I0088. The transmitter 102 can take any suitable form, such 
as the transmitter of any of FIG. 1A, 1B or 3. The transmitter 
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102 Supplies optical signals to an optical fibre connected 
between it and the receiver 103. 

0089. The receiver 103 can take any suitable form, such as 
the receiver of FIG. 2 or the receiver of FIG. 3. The receiver 
103 receives optical signals from the transmitter and demodu 
lates them. 

0090 The second noise reduction element 104 performs 
the inverse of the processing performed by the first noise 
reduction element 101. If the first noise reduction element 
101 is controllable, the second noise reduction element 104 is 
informed what processing technique it needs to use in order 
correctly to restore the input signal. 
0091. The boosting of the high end frequency by the first 
noise reduction block 103 enables elimination of or at least 
reduction of any shot or circuit noise present at the diode of 
the receiver 103. 

0092. The second buffer 105 provides impedance match 
ing to the device or system that the cable arrangement is to be 
connected to. 

0093 FIG. 6 illustrates schematically an electric guitar 40 
according to aspects of the invention. The guitar includes 
three transducers, namely a neck humbucker 41, a middle coil 
42 and a bridge humbucker 43. Each of these is connected to 
an electronic Switching circuit 44, which includes control 
lable potentiometers. The switching circuit 44 provides elec 
trical analogue signals at audio frequencies to a socket 47. 
with which a 4 inch plug can be mated. The guitar thusfar 
described is conventional. 

0094. The guitar 40 also includes a circuit 45, which com 
prises the FIG. 1A or FIG. 1B circuit, the FIG.3 transmitter 
circuit, or similar. The circuit 45 is connected to receive 
electrical analogue signals at audio frequencies from the 
switching circuit 44. The circuit 45 is powered by a power 
source, such as a 12V battery (not shown) included in the 
guitar 40. The circuit 45 amplitude modulates the electrical 
analogue signal onto an optical signal and provides the result 
to an optical connector 46 mounted on a face of the housing of 
the guitar 40. An optical cable (not shown) is connectable into 
the optical connector 46, and carries the optical signal gener 
ated by the circuit 45 away from the guitar. Thus, the guitar 40 
provides an optical amplitude modulated signal in the same 
way that a combination of a conventional guitar and the first 
jack of the FIG. 4 cable arrangement 30 would provide. All of 
the benefits stated above with relation to the previous Figures 
apply to this embodiment. Since it includes an electrical 
signal output socket 47, the guitar 40 also is usable conven 
tionally, although this can be omitted if not required. 
0095 FIG. 7 illustrates schematically a microphone 50 
according to aspects of the invention. The microphone 50 
includes a microphone transducer 51, as is conventional. The 
microphone transducer is connected to a circuit 52, which 
comprises the FIG. 1A or FIG. 1B circuit, the FIG.3 transmit 
circuit or similar. The circuit 52 is powered by a battery 53 
The circuit 52 is connected to receive electrical analogue 
signals at audio frequencies from the microphone transducer 
51. The circuit 52 amplitude modulates the electrical ana 
logue signal onto an optical signal and provides the result to 
an optical connector 54 mounted on a face of the housing of 
the microphone 50. An optical cable 55 is removably or 
fixedly connected into the optical connector 54, and carries 
the optical signal generated by the circuit 52 away from the 
microphone 50. Thus, the microphone 59 provides an optical 
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amplitude modulated signal in a way similar to that of the 
FIG. 6 guitar 40 or the FIG. 1A, FIG. 1B and FIG.3 transmit 
circuits. 
0096 FIG. 8 shows an amplification device, commonly 
known as an amplifier. An integral power Supply 63 receives 
mains electricity, and powers a conversion circuit 65 and an 
amplifier circuit 61. The amplifier circuit 61 is connected via 
a user-operable switch 67 selectively to receive an electrical 
analogue signal from an input socket 62 or to receive an 
electrical analogue signal from the conversion circuit 65. The 
conversion circuit 65 is as the FIG. 2 circuit, the FIG. 3 
receiver circuit or similar. It receives amplitude modulated 
optical signals through an optical cable (not shown) mated 
with an optical connector 64 included in a face of the housing 
of the amplifier 60. The amplifier circuit 61 amplifies the 
electrical it receives from the switch 67 and provides a low 
impedance power signal to a speaker 66, thereby to produce 
an audible signal based on the received signals. Thus, the 
amplifier 60 is operable to process received amplitude modu 
lated optical signals and produce audio signals therefrom. 
The amplifier can be considered to be the second jack of the 
FIG. 4 cable arrangement integrated with a conventional 
amplifier. The electrical connector 62 can be omitted if not 
required. 
0097 FIG. 8 alternatively shows schematically compo 
nents of a mixing desk 60. Such as may be used in a studio to 
produce and record music. Here, an integral power Supply 63 
receives mains electricity, and powers a conversion circuit 65 
and a low-power amplifiercircuit 61. The amplifier circuit 61 
is connected via a user-operable switch 67 selectively to 
receive an electrical analogue signal from an input socket 62 
to receive an electrical analogue signal from the conversion 
circuit 65. The conversion circuit 65 is as the FIG. 2 of FIG. 
3 receiver circuit, or similar. It receives amplitude modulated 
optical signals through an optical cable (not shown) mated 
with an optical connector 64 included in a face of the housing 
of the mixing desk 60. The amplifier circuit 61 amplifies the 
electrical it receives from the switch 67 and provides a high 
impedance signal to Sound processing/recording circuitry 66. 
Thus, the mixing desk 60 is operable to process received 
amplitude modulated optical signals and produce electrical 
representations of audio signals therefrom for processing 
and/or recording. The mixing desk 60 can be considered to be 
the second jack of the FIG. 4 cable arrangement integrated 
with a conventional mixing desk. The electrical connector 62 
can be omitted if not required. 
0098. In an alternative embodiment, the FIG. 2 or FIG. 3 
receiver circuit or similar is provided on an interface card for 
connection to a computer. In this embodiment, the interface 
card includes a high quality digital-to-analogue converter for 
converting the demodulated audio signals into a digital signal, 
for processing and/or recording by a computer. 
0099. Although the above describes that the sound source 
can be a guitar or microphone, the Sound source may be any 
other type that produces analogue audio signals. The inven 
tion has most advantage with Sound Sources which are moved 
around during a performance, since these are most likely to 
have electrical cables damaged during use. 
0100. An additional advantage is electrical isolation. Con 
ventional cabling includes electrical conductors. In the event 
of faulty amplification equipment, electrical power could be 
transferred through the cable to a guitar player or other per 
son, potentially resulting in electrical shock. The same could 
occur in the event of a lightning strike, which are not uncom 
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mon at outdoors concerts and the like. Using an optical fibre 
to convey audio signals, on the contrary, provides electrical 
isolation between the ends of the cable, and thus provides 
improved safety. 
0101 The human ear is able to perceive audio signals 
between 20 Hz, and 20 kHz, so it is normally only those 
signals that are of interest to a musician or Sound producer. 
However, the carrying also of additional signal frequencies is 
not precluded by the invention, as long as the content of 
primary interest is in the audible frequency range. 
0102 Since the signal of interest is amplitude modulated 
onto the optical signal, the nature of the light source is not 
important, as long as the amplitude of its output is control 
lable. The light source need not be a single frequency source, 
or even fixed infrequency. An LED makes a good light Source 
because of its ease of use and low cost. 

0103) The inventor has realised that attenuation of a signal 
passing through an optical cable as a result of excessive 
bending of the cable could result in undesirable signal modi 
fication. In a digital system, attenuation is not a problem when 
transmission is over short distances. When amplitude or 
intensity modulation is used, however, excessive cable bend 
ing can reduce output signal Swing. The effects of this are 
mitigated by the system shown in FIG. 9. 
0104 Referring to FIG. 9, a system 110 includes a trans 
mit arrangement 111 connected to a receive arrangement 112 
by an optical cable 113. The transmit circuit 111 includes a 
transmit circuit 114, which is the same as the transmit circuit 
of FIG. 3. the transmit circuit 114 is connected to a receive 
circuit 115, which is the same as the receive circuit of FIG. 3, 
by a first core 116 of the optical cable 113. A reference 
transmit circuit 117 is connected to a reference receive circuit 
118 by a second core 119 of the optical cable 113. 
0105. The reference transmit circuit 117 transmits a con 
stant optical signal at a constant intensity. The reference 
receive circuit 118 is connected to the receive circuit 115 so as 
to control the gain of the receive circuit 115 independence on 
the intensity of light received over the second core 119. Less 
intensity gives rise to increased gain, with a linear variation. 
0106 When there is no bending of the optical cable 113, 
there is little or no attenuation of light by the cores 116, 119. 
When there is substantial bending, there is attenuation by 
both cores 116, 119. The amount of attenuation is approxi 
mately equal in both cores 116,119. Thus, the increase in gain 
of the receive circuit 115 in the presence of less light intensity 
at the reference receive circuit 118 gives rise to compensation 
for attenuation in the first core 116. Through suitable control 
of the gain of the receive circuit 115 by the reference receive 
circuit 118, the output of the receive circuit 115 has a desired 
signal Swing (for a given input signal Swing) even if the 
optical cable 113 is bent to the extent that light attenuation 
OCCU.S. 

0107 Alternative arrangements for compensating for sig 
nal attenuation in the optical cable will be apparent to those 
skilled in the art. For instance, a light dependent resistor could 
be used in place of the photodiode in the reference receive 
circuit 118. 

0108 FIG. 10 shows a further embodied receive circuit 
120.This is a dual PIN diode transmit circuit. The input signal 
is sent to two separate amplifier systems. The uppermost 
diode, driven by one of the amplifier systems, modulates the 
positive half cycle of the input waveform, and the lowermost 
diode, driven by the other amplifier system, modulates the 
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negative half cycle of the input waveform. Each diode is 
operable between minimum and maximum illumination. 
0109. The circuit 120 is two half-wave rectifiers working 
together. 
0110. Each amplifier system includes an op-amp with a 
direct feedback diode. The feedback diodes are connected in 
different directions in the different amplifier systems. The 
direct feedback diodes shunt any output back to the inverting 
input directly, preventing it from being reproduced. Therefore 
the amplifier systems deal with opposite portions of the input 
waveform. The slight voltage drop across the diode itself is 
blocked from the output by the second diode. 
0111. A second diode in each amplifier system allows 
positive/negative going output Voltage to reach its respective 
output. Since the output Voltage is taken from beyond the 
output diode itself, the op-amp compensates for any non 
linear characteristics of the diode itself. As a result, the output 
Voltage is a true and accurate reproduction of the negative/ 
positive portions of the input signal. The amplifier system 
handling negative half cycles includes an inverter, in this 
example including an op-amp, to invert the signal. 
0112 A corresponding receiving circuit (not shown) has 
two receivingpin diodes attached to inverting and non-invert 
ing inputs of an op-amp. The output signal is recombined to 
reproduce the input signal. 
0113. This has the advantage of doubling the overall 
dynamic gain. 
0114 Advantages can be achieved by using an avalanche 
photodiode (APD) as the photodiode T2. In particular, the 
sensitivity of an APD is much higher that the sensitivity of 
other photodiode types. This can allow the APD to be used to 
provide an electrical signal to amplifier or other equipment 
without the pre-amplification used in the embodiments 
described above. 
0.115. In an alternative embodiment (not shown), the 
receiver circuit of FIG. 2 or FIG. 3 is replaced by an APD, 
with or without additional circuitry. This does not require any 
source of electrical power, since the APD provides an elec 
trical signal from the received light power. Although the APD 
is not capable of providing any significant current, the Voltage 
signal (which can be around 500 mV peak-to-peak) is satis 
factory for most implementations. A sample circuit is shown 
in FIG. 11. 
0116 Referring to FIG. 11, the further embodiment of a 
receiver circuit comprises a photodiode in series with a resis 
tor between Vcc and ground. A drain resistor is connected 
across the photodiode, which increases the frequency at 
which response drops-off such that it is outside the audible 
range. Without the drain resistor, no switch is needed since the 
photodiode conducts only when light is incident on it. With 
the drain resistor in place, a Switch (not shown) is connected 
So as to minimise unnecessary battery drain. 
0117. In a cable arrangement, this embodiment is particu 
larly advantageous since the APD may be connected directly 
to terminals of a plug, and no electrical power Supply or other 
components need to be provided. In a mixing desk or other 
amplification equipment, the advantages of using an APD in 
place of Some other photodiode may not be so significant. 
0118. The optical cable and the connectors may take any 
Suitable form, for example one of the many components com 
monly available in electronic component shops. 

1. (canceled) 
2. A system as claimed in claim 10, wherein the modulated 

optical signal comprises an optical carrier with amplitude 
modulations at between 20 Hz, and 20 kHz, the amplitude 
modulations having direct correspondence with the audio 
signals. 
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3. A system as claimed in claim 10, in which the modulator 
comprises a semiconductor circuit arranged to apply an 
amplitude modulating signal to a light source. 

4-7. (canceled) 
8. A system as claimed in claim 10, comprising a compen 

sator for compensating for signal attenuation in the optical 
waveguide. 

9. A system as claimed in claim 10, wherein the modulator 
includes two half-wave rectifiers. 

10. A cable arrangement comprising first and second 
devices connected by an optical waveguide, 

the first device comprising: 
a receiver for receiving an analogue electrical signal 

having content between 20 Hz and 20 kHz represent 
ing an analogue audio signal; 
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a modulator for modulating the analogue electrical sig 
nal onto an optical signal; and 

an electrical connector formating with a sound source; 
the optical waveguide being arranged to carry the modu 

lated optical signal to the second device; and 
the second device comprising: 

a receiver for receiving the modulated optical signal; 
a demodulator for demodulating the modulated optical 

signal to produce an analogue electrical signal having 
audio signal content between 20 Hz and 20 kHz; and 

an electrical connector for mating with an audio signal 
receiving device. 

11-21. (canceled) 


